A solid state welding, like friction stir welding (FSW) is commonly suitable for joining dissimilar aluminium plates. A non-consumable revolving tool was used to induce heat and plastic distortion between abutting surfaces of the plates. This paper, presented the influence of tool revolving speed, axial force and weld transverse speed on tensile and impact strength properties were evaluated for the joint by using destructive test. The FSW has been done at tool revolving speed of 1000, 1100, 1200 rpm, weld speed of 30, 45, 60 mm/min and tool plunge force of 3, 4, 5 kN on dissimilar aluminium alloy AA7075 and AA6063 by two different tool profiles of Triangle and square. Better mixing of both aluminium alloy joints was achieved at lower welding transverse speed of 30 mm/min with high tool revolving speed of 1200 rpm. Also it is found that the use of the triangular profile of the tool gives better mechanical properties. The growth in mechanical properties is attributed to the maturation of fine grain and intermetallic compound in the weld region.
Introduction
In the last two decades, many of works have been done by friction stir welding (FSW), produce of correlation between the various process parameters to obtain optimum mechanical properties and better microstructure of the welded joint between aluminium plates. In spite of this, FSW of aluminium alloy dissimilar joints is still a large challenge and wants more studies. FSW is an advanced welding process generally known as a solid state welding technique. The FSW process uses a, non-consumable revolving tool which gradually penetrates into the butting edges of the tightly fixed specimens till the shoulder comes contact with the work-piece surfaces, till the tool profile is entirely deep-rooted within the through-thickness of the work pieces, but should not contact the bottom surface of the work pieces (Tang et al., 1998; Gopala Krishna et al., 2014) .Tensile properties of the joint decrease with the increase in tool rotational speed and after reaching maximum values at maximum tool rotational speed, the values decrease with the increase in the tool rotational speed (Hussain and Quadri, 2010) . Tensile strength was observed to increase with increase in tool rotational speed. Good surface finish was attained at maximum tool rotational speed and weld speed. Ultimate tensile strength is higher with lower weld speed. From this it is understood that the lower range of weld speed is suitable for obtaining the maximum tensile strength. No consumable electrode and external heat sources like arc or gas were not used during fabrication of joint, hence is adaptable as no exhaustible resources are required. So it was environmental and eco-friendly (Adamowski and Szkodo, 2007) . The experimental data showed the extreme temperature 629 K observed at mid position during FSW and numeric value from the simulation was 642 K, which is considerably less than the melting point of 7020-T53 aluminium alloy which was 916 K, The temperature at advance side (629 K) is higher than retreated side (605 K) (Rama Narsu and I Rani, 2013; Muhsin et al., 2012) .
Among the three different aluminium alloys AA6061, AA6351 and AA6063 base materials are considered of which AA6061 was established to show superior mechanical behaviours and AA6061 was found to be responsive for FSW by various tool pin profiles. H13 tool material is found to withstand AA6061 without breakage of a tip at the time of welding process. Increase in tool rotation speed, roots more heat input and the tensile strength is low for increase in tool rotational speed as the thermo mechanical affected zone and heat affected zone are more. The Square profile tool assists the stirring action from tip to collar of the tool, and due to this, the instability is eliminated, when related with the use of another tool pin profile. Since the defect-free welds were possible with the square profile tool. The shape of the tool pin and shoulder, play a key role in attaining better mechanical behaviours of the weld joints (Govind Reddy et al., 2013) .The tool revolving speed and welding speed is played a major role on tensile strength of the Friction stir welded dissimilar aluminium of AA2024-AA7075 joints. If tool revolving speed increases simultaneously tensile strength of the friction stir welded AA2024-AA7075 joints, increased resulting in a decrease in the tensile strength of the friction stir welded AA2024-AA7075 joints (Palanivel and Koshy, 2011) . The tensile strength was obtained maximum value up to certain welding speed, while a further increase in the welding speed results in a decrease in tensile strength of the friction stir welded joints. The tensile strength variation is due to either high heat generation or inadequate heat generation. FSW at the higher range of welding speeds results in a less interaction time in the weld area with inadequate heat and a less plastic flow of the metal and its roots some defects like voids in the joints. The insufficient softness and rates of diffusion in the material may have resulted in a weak interface. High range of welding speeds allied with low heat inputs, result in faster cooling rates of the welded joint. Even though, lots of works are carried out on mechanical properties of dissimilar materials, particularly on aluminium alloys between 6000 and 7000 series, limited work was carried out in the dissimilar aluminium alloy of AA7075 and AA6063. These alloys were used in many applications such as structural, building and architectural products, Electrical, Marine, automotive etc. The objective of this work is systematic to investigate and report of the influence of process variables on mechanical properties with destructive testing for dissimilar joints of aluminium alloys between AA7075 and AA6063, fabricated at two different tool pin profiles and FSW arrangement details as shown in Figure 1 . 
Experimental work

Material and tool selection
In this investigation the dissimilar aluminium alloys of AA7075-T651 and AA6063 were selected as there are very few works carried out till now. Attempts were made to evaluate tensile and impact properties of friction stir welded butt joints of AA6063 and AA7075-T651 alloy plates were used as base material. A FSW tool of triangular and square profile probe with circular shoulder is presented in Figure 2 . The friction stir weld tool was prepared from H13 tempered steel. The test samples were extracted at right angles to the welding direction according to ASTM-E8 standard for tension test and ASTM E23 for impact test. The chemical and mechanical properties of AA6063 and AA7075 are shown in Tables 1 and 2 respectively. In AA6063 aluminium alloy magnesium is a higher percentage so it is also called as magnesium series aluminium alloys and AA7075 zinc is the major chemical composition, so it is called as a zinc series aluminium alloy. 
Process parameters selection
In this work, three process parameters were used, each parameter having three different values, followed by L9 orthogonal array which were hired process parameters shown in Table 3 . The selected friction stir welded parameters for this study were rotational speed (TRS), welding speed (WS) and axial force (AF). A continuously rotating cylindrical tool with a triangle and a square profiled pin is squarely plunged at a constant rate into a butt joint between two clamped pieces of butted plates. The probe is marginally shorter than the weld depth required, with the tool shoulder riding a top work surface. Heat produced between the welding tool and weld plates due to friction leads to a very soft region near the FSW tool. Then it mechanically merges the two pieces of metal at the place of the joint, then the unstiffened metal can be joined using mechanical pressure (axial force), much like joining clay, or dough. 
Result and discussions
Effect of tool profile on tensile properties
It is observed from the outcomes, that the tensile properties of the welded joints significantly varied with respect to tool pin profiles shown in Table 4 . The tensile properties of all joints made by square tool were found to be lower than the tensile properties of joints made by triangular tool. The high tensile strength of 138.42 MPa was obtained when the joint was made by triangular tool pin profile at tool revolving speed of 1200 rpm, the axial plunge force of 5 kN and weld transverse speed of 30 mm/min. The lowest tensile strength of 98.12 MPa was obtained when the joint was made by square tool pin profile at tool rotational speed of 1200 rpm, axial force of 4 kN and welding speed of 60 mm/min as shown in Figures 3 and 4 similarly yield strength also varies as shown in Figure 5 . Hence the tensile properties variation between both tool pin profiles is nearly 20%. The process variables like tool revolving speed and welding speed are play a significant role on tensile properties, when the tool rotational speed increase from 1000 rpm to 1200 rpm and when simultaneously the tensile properties also increased. Further increasing the tool revolving speed causes too much release of agitated materials to the top surface which results in the formation of cavities in the weld zone. The tool rotational speed causes more heat input and in-turn enlarge the thermo mechanically affected zone and heat affected zone, so that the tensile strength was decreased (Cavaliere et al., 2009; Sarsilmaz and Cadas, 2009 ). In Figure 4 shows that the welding speed increases from 30 mm/min to 60 mm/min, the tensile strength of the weld joints increased and then its decreased. This occurred due to inadequate merging of transferring substantial of metal at weld zone. At highest axial force the penetrating depth of the tool into the work pieces is higher which results in lower tensile strength (Elangovan et al., 2009 ).This tendency is common for yield strength and the percentage of elongation. At higher welding speed, weld region is under the insufficient heating and poor plastic nature of the metal occurred during welding (Elangovan and Balasubramanian, 2008; Mehta and Badheka, 2016) . During the tensile test all the specimens broken at thermo mechanically affected zone of AA6063 as shown in Figure 6 . Hence the entire joint weld zone was stronger, but detailed investigation is required in TMAZ. Similar aluminium alloy combinations with process parameters of tool rotational speed, axial force and plate position were used in previous work (Bayazida et al., 2015) . Where as in this study better tensile and impact properties were obtained due to formation of fine grained microstructure and the formation of intermetallic compounds at the weld zone of all the samples as shown in Figure 7 . The fined and consistently distributed grain structure was found at tool revolving speed of 1200 rpm and welding speed of 30 mm/min (see sample no. 8). Hence, high tensile properties were obtained. Figure 8 shows that impact strength of the joints significantly varied with respect to tool pin profiles. The impact property of all joints made by square tool was found to be lower than the impact energy of joints made by triangular tool shown in Table 5 . The highest impact energy of 28 joules was obtained when the joint was made by triangular tool pin profile at tool revolving speed of 1000 rpm, axial force of 4 kN and welding speed of 30 mm/min. The lowest impact energy of 10 joules was observed when the joint made by square profile tool pin at tool revolving speed of 1200 rpm, axial force of 4 kN and welding speed of 60 mm/min. Hence the tensile strength varies between both tool pin profiles nearly 10%. Apart from this the process parameters such as axial force and welding speed played a major role on impact energy, when tool revolving speed raised from 1000 rpm to 1200 rpm, simultaneously the impact energy decreased.
Effect of tool profile on impact strength
The impact energy decreases if the yield strength increased due to precipitation hardening or cold working occurs at the weld zone. All samples were broken at the weld zone of the joint shown in Figure 9 . 
Conclusion
Dissimilar aluminium alloys AA7075 and AA6063 were friction stir welded, under different process parameters with two different tool pin profile and conventionally measured tensile and impact strength of the joints. The tensile strength and yield strength increased in tool revolving speed, but the % of elongation decreased with increasing the tool revolving speed. The maximum tensile and yield strength were obtained 138.42 MPa and 123.43 MPa, respectively, at a tool revolving speed of 1200 rpm. Increasing the weld transverse speed causes a decrease in the tensile strength of the joints. This tendency is mutual for axial force. In most cases, failures in tensile tests were located in the thermo mechanically affected zone on the advancing side of the welds. The percentage of elongation was obtained maximum of 14.62% at a tool rotational speed of 1200 rpm with an axial force of 5 kN and welding speed of 45 mm/min. In tensile testing, stress exceeds fracture/ultimate value, and in impact testing energy transferred is also much of the material to handle. The impact strength decreases if the yield strength increased due to precipitation hardening and cold working may occur during the welding process at weld region.
